Objectives-Transitioning from injecting to non-injecting routes of drug administration can provide important individual and community health benefits. We assessed characteristics of persons who had ceased injecting while continuing to use heroin and/or cocaine in New York City.
Introduction
The transition from using illicit drugs through non-injecting routes of administration to injecting greatly increases the risk of harmful consequences (Fuller et al., 2002) . Injecting greatly increases the likelihood of infection with blood-borne viruses such as HIV and hepatitis C (HCV), the likelihood of other infections such as skin abscesses and endocarditis, the likelihood of developing a substance use disorder, and the likelihood of an overdose (Degenhardt & Hall, 2012; Garfein, Vlahov, Galai, Doherty, & Nelson, 1996; Kerr et al., 2007; Spijkerman, van Ameijden, Mientjes, Coutinho, & van den Hoek, 1996) . As injecting drug use is heavily stigmatized, injecting also increases the likelihood that the user will experience severe social discrimination (Ahern, Stuber, & Galea, 2007) .
Compared to intranasal administration, injecting typically produces more intense drug effects and is a relatively cost-efficient method of drug administration. The transition from non-injecting to injecting drug use is often considered a permanent change in the preferred route of drug administration. While the person who injects may also use non-injectable drugs (nicotine, alcohol, marijuana) , continued use of injectable drugs is likely to be primarily through injecting. "Reverse transitions" from injecting to non-injecting drug use have been observed in a variety of locations, including New York City (Des Jarlais et al., 2007) , New Haven (Schottenfeld, O'Malley, Abdul-Salaam, & O'Connor, 1993) , Baltimore (Genberg et al., 2011) , Amsterdam (Buster et al., 2009) , Brazil (Inciardi et al., 2006) , China (Li et al., 2011) and Malaysia (Tejani, Chawarski, Mazlan, & Schottenfeld, 2011) . These "former injectors" can maintain heroin/cocaine use for long periods of time-often decades-without relapsing back to injecting (Des Jarlais et al., 2007) . They do as well in methadone treatment as persons who inject (Schwartz et al., 2015) and they are less likely to acquire HCV than persons who continue to inject (Des Jarlais et al., 2013) .
There is still much that is not known about reverse transitions from injecting to non-injecting drug use, in particular, how some former injectors avoid relapse to injecting over long periods of time. Relapse is considered one of the defining characteristics of substance use disorders. One would expect that persons who have reverse transitioned from injecting to non-injecting drugs would have great difficulties in avoiding relapse back to a route of administration that produces an intense drug effect at a relatively low monetary cost. For example, in a Baltimore study of 936 persons who ceased injecting, three-quarters of them relapsed back to injecting, the median time before relapse was only 1 year, and both noninjecting use of heroin and of cocaine after ceasing injecting were significantly associated with shorter time to relapse (Shah, Galai, Celentano, Vlahov, & Strathdee, 2006) .
In this report we examine various characteristics of a group of 303 former injectors, most of whom have maintained their non-injecting drug use over long periods of time. We specifically examine their reasons for stopping injecting, the length of time since their last injection, whether they are worried about relapsing to injecting, their use of specific mechanisms for avoiding relapse, and their attitudes towards the different highs produced by injecting versus non-injecting drug use. Finally, we consider implications of the findings for reducing drug injecting and for changing drug use behavior in general.
Materials and Methods
The findings reported here are derived from data collected from patients/subjects entering the Mount Sinai Beth Israel drug detoxification and methadone maintenance programs in New York City. The methods for this "Risk Factors" study have been previously described in detail (Des Jarlais et al., 1989; Des Jarlais et al., 2009 ) so only a summary will be presented here. The Mount Sinai Beth Israel detoxification program serves New York City as a whole, with approximately half of the patients residing in Manhattan, one quarter in Brooklyn, onefifth in the Bronx, and the remainder (about 5%) in other areas. Patients enter the program voluntarily.
Research staff visited the general admission wards of the program in a preset order and examined all intake records of a specific ward to construct lists of all patients admitted within the prior 3 days. All of the patients on the list for the specific ward were then asked to participate in the study. Among patients approached by our interviewers, willingness to participate was more than 95%. After all of the patients admitted to a specific ward in the 3day period had been asked to participate and interviews had been conducted among those who agreed to participate, the interviewer moved to the next ward. As there was no relationship between assigning patients to wards and the order that the staff rotated through the wards, these procedures would yield an unbiased sample of persons entering the detoxification program.
A structured questionnaire covering demographic characteristics, HIV risk behavior, and drug use history was administered by a trained interviewer to each patient. Most drug use and HIV risk behavior questions referred to the 6 month period prior to the interview. Subjects were asked if they had ever injected illicit drugs, and if yes, their age at first injection and how long it had been since their last injection. "Former injectors" were operationally defined as subjects who 1) reported that they had injected drugs at some point in their lives, 2) reported that they had not injected within the last 6 months, and 3) that they had continued to use injectable drugs (heroin, cocaine or amphetamines) through noninjecting routes of administration (intranasal use and/or smoking and/or oral use). Former injectors were also asked about reasons for stopping injecting, whether they were using specific strategies to avoid relapse, and if yes, to describe those strategies. Multiple responses were permitted for both reasons for ceasing injecting and strategies.
Subjects were also asked to compare the "highs" of cocaine and heroin when used through different routes of administration. They were asked "How do you compare the high of injecting heroin (and/or cocaine) to the high of snorting heroin (and/or cocaine)?"
After completing the interview, each participant was seen by an HIV counselor for pretest counseling for HIV and HCV, along with specimen collection. (It was not possible to collect serum samples from all participants due to problems with collapsed veins.) HIV testing was conducted at the New York City Department of Health laboratory by using a commercial, enzyme-linked, immunosorbent assays (EIA) test with Western blot confirmation (BioRad Genetic Systems HIV-1-2+0 EIA and HIV-1 Western Blot, BioRad Laboratories, Hercules, CA). Samples were tested for HCV antibody with the Ortho HCV enzyme immunoassay (EIA) 3.0 (Ortho-Clinical Diagnostics, Inc., Raritan, NJ). Samples with optical density values of > 8.0 were considered positive, samples with values of 1.0 to 8.0 were confirmed positive with radio-immune blotting assay (RIBA) (Chiron RIBA HCV 3.0 Strip Immunoblot Assay, Novartis Vaccines & Diagnostics, Inc. Emeryville, CA) and samples with values < 1.0 were considered negative.
Serial cross-sectional data have been collected for the project since 1990. We did permit individuals to participate in the study in different years. For the analyses reported here we used only the last interview from the 9 former injectors who participated more than once.
STATA 13 (StataCorp, College Station, TX), was used for analyses and for generating graphs. We utilized the Epanechnikov kernel density estimates for smoothing curves in the graphs.
The study was approved by the Mount Sinai Beth Israel Institutional Review Board.
Results
A total of 303 participants were included in the analysis; 63% from the detoxification program and 37% from the methadone maintenance program. Below we describe the participant sample along with the results of the qualitative analysis of injecting patterns, strategies to avoid relapse back to injecting, and how different routes of administration produce different highs. Table 1 presents demographic characteristics, current drug use behaviors, HIV and hepatitis C (HCV) serostatus. The subjects were predominantly male and predominantly African-American and Latino/a. They had a mean age of 50 (SD 9.2), and had injected drugs for considerable amounts of time, with a mean of 14 and median of 12 years of injecting. Intranasal heroin was used by a substantial majority (71%) of subjects in the 6 months prior to the interview, though a majority (53%) also reported smoking crack cocaine and a substantial minority (34%) reported using intranasal cocaine. All subjects reported previous episodes of substance use treatment, with 98% having previously received methadone and/or detoxification programs, and 61% having previously received both detoxification and methadone maintenance. Figure 1 shows the distribution of times since last injection. We represented the distribution of time since last injection in a histogram. The height of each column in the histogram depicts the number of participants corresponding to the years-since-last-injection at the base of that column. In order to also present a continuous depiction of this distribution, we used the Epanechnikov kernel density estimate to connect the column data points. In this techniques the data point being evaluated is placed at the center of the kernel and other data points are weighted according to their distance from the point being evaluated, thereby giving greater influence to the data points closer to the center of the kernel.
Demographics and Drug Use Behavior
While the modal time since last injection was within the previous year (15%), substantial proportions reported very long time periods since their last injection: 56% of these former injectors reported a decade or longer since their last injection, 35% reported 20 years or longer since their last injection, and 15% reported 30 years or longer since their last injection. With allowances for recall rounding to the nearest decade by some subjects in their reported time since last injection, the curve is similar to an exponential decay curve. Table 2 shows a cross-tabulation of last drug injected (only a single drug could be named in response to this question) and the non-injecting drug use reported for the last 6 months by the former injectors (multiple drugs could be mentioned). There is considerable continuity in the use of heroin and cocaine. Of the 227 persons who reported heroin as their last drug injected, 75% of them reported intranasal use of heroin in the 6 months prior to the interview, and of the 26 who reported cocaine as their last drug injected 85% of them reported smoking crack cocaine in the 6 months prior to the interview. Thus, even within a context of poly-drug use, these subjects maintained considerable continuity in the drugs they were using while having made a major change in their route of drug administration. Table 3 presents the reasons cited by former injectors for why they stopping injecting. Subjects were permitted to endorse multiple reasons (the percentages thus add to greater than 100%). A considerable variety of reasons were endorsed, and no single reason was endorsed by as many as 20% of the former injectors. Protecting health (avoiding HIV/AIDS endorsed by 12%, afraid of overdose by 15%, other health concerns by 17%) and problems with injecting as a route of administration (don't like needles by 16%, got tired of injecting by 14%, loss of veins by 9%, prefer mellow high of snorting by 5%, difficulties in obtaining injection equipment by 4%) were the two most frequently endorsed major categories of reasons for ceasing to inject. A substantial percentage also cited social and self-image concerns (avoiding stigmatization by 12%, avoiding track marks by 12%, maintaining selfimage as a non-injector by 4%) as reasons for ceasing to inject.
Reasons for ceasing injection

Worry about relapse
Many former drug users report avoiding relapse back to injecting drug use as being a "one day at a time" continuous struggle, and with great concern that they will relapse (Binswanger et al., 2012; Evans, Hahn, Lum, Stein, & Page, 2009; McKay, 1999) . We asked these former injectors whether they were "worried that they would relapse back to injecting?" A very large majority (86%) reported that they were not worried about relapsing back to injecting.
Length of time since last injection was negatively associated with being worried about relapsing to injecting in univariate logistic regression (see Table 4a ). Among the 85 former injectors whose last injection was ≤ 36 months prior to the interview, 21 (25%) reported being worried about relapsing, while among the 218 former injectors whose last injection was > 36 months prior to the interview, only 20 (9%) were worried about relapsing back to injecting (chi squared = 12.57, df=1, p < 0.001; OR=0.31, 95% CI= 0.15 -0.61). Worrying about relapse was not significantly associated with any other demographic and drug use variables in Table 1 .
Strategies to avoid relapse
Relapse prevention programs typically teach former drug users a variety of techniques to prevent relapse, including avoiding situations that would cue drug craving, seeking social support, and realizing that a single "lapse" does not have to mean a full relapse back to continued drug use (Dejong, 1994; Marlatt & Donovan, 2005; Witkiewitz & Marlatt, 2004) .
We asked the former injectors if they were using any specific strategy to avoid relapse, and, if they were, to briefly describe the strategy. A large majority (235/303, 78%) reported that they were not consciously using any specific strategy. Among the 67 former injectors who reported that they were using a specific strategy, 43% reported using self-talk/thinking negative thoughts about injecting, 18% reported avoiding places and people that might lead them back to injecting, 13% reported that they attended meetings, 9% reported that they were using alternative methods of drug administration, and 8% reported aversion to needles.
There was a positive relationship between worrying about relapse and using specific strategies to avoid relapse-former injectors who reported worrying about relapse were more likely to report that they were using specific strategies than former injectors who were not worried about relapse (see Table 4b ). Having a specific strategy was not significantly related to any of the demographic or current drug use variables in Table 1 (full data available from the first author).
Comparisons of "highs" between injecting and intranasal drug use
As noted above, it is generally accepted that injecting a psychoactive drug produces a more intense drug effect than intranasal administration, though there may be considerable individual variation in the differences. We asked these former injectors if injecting heroin gave them a more intense high compared to intranasal use and if injecting cocaine gave them a more intense high compared to intranasal use. (These questions were asked only of the persons who were currently using heroin or cocaine intranasally and had injected that drug in the past.) Modest majorities of the current heroin and cocaine users reported that injecting gave them a more intense high-63% endorsing that injecting heroin gave a more intense high and 52% endorsing that injecting cocaine gave a more intense high. We assessed whether endorsing the greater intensity statements was associated with being worried about relapse (results presented in Tables 5a and 5b ). The association between endorsing greater 
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Author Manuscript intensity of injecting and being worried about relapse approached statistical significance for heroin (p =0.066) and was significant for cocaine (p = 0.03).
Discussion
Addiction is often defined as a chronic, relapsing condition in which it is very difficultthough not impossible-for individuals to make long-lasting changes in their patterns of drug use. The common image of a former drug user is a person who is attempting to avoid relapse, a person who must be vigilant to avoid people, places, and things that can trigger craving, and is deliberately using multiple evidence-based techniques to avoid relapse.
As shown in Table 3 , the former injectors interviewed in this study reported a great number of reasons for ceasing to inject drugs. Ceasing to inject usually was not a goal in itself, but rather was a means to achieve a wide variety of individual goals. From the content of the reasons in Table 3 , it would appear that ceasing to inject would probably have been very effective in achieving these goals. For example, a third of the former injectors ceased injecting over 20 years ago, before large-scale syringe exchange programs were implemented in New York City. It is likely that ceasing to inject at that time provided considerable protection against HIV and HCV infection, as well as protection from transmitting to others if they were seropositive. And, as the stigmatization of injecting drug use has clearly continued in New York City, it is likely that ceasing to inject also reduced stigmatization. A recent study from Finland would also suggest that transitioning to noninjecting drug use would reduce the risk of fatal drug overdose. In that study, fatal overdoses among people who injected drugs were three times more likely than among people using the same drugs though other routes of administration (Onyeka et al., 2016) .
As a group, the former injectors in this study reported relatively long periods of injecting drug use-a mean of 12 years-followed by long periods since their last injection, with over half reporting 10 years or more since their last injection and over a third reporting 20 years or more since their last injection. There was, however, considerable variation among the former injectors. A subgroup of former injectors appear to be still "in the process" of actively avoiding relapse to injection drug use. They were worried about relapsing, had shorter times since last injection, deliberately used specific strategies to avoid relapse and were likely to recall injecting as providing a more intense high than intranasal drug use. However, this description fits only a modest percentage of these former injectors-only 6/303 (2%) had all four of these characteristics, and 39 (13%) had three of these characteristics.
A second, much larger proportion of these former injectors appear to have reached stability where avoiding relapse to injecting was no longer problematic for them. It had been a long time since their last injection (at least 3 years and with a mean of 19 years), they were not worried about relapsing, they were not consciously using specific strategies to avoid relapse, and only about half of them recalled injecting as providing a more intense high than intranasal use. This description fits 145/303 (48%) of the former injectors in our sample. It would seem that they had fully replaced the habit of injecting drug use with a habit of noninjecting drug use.
Changing drug use behavior in a direction of reduced individual and societal harm and in a way that becomes self-sustaining is a major goal of harm reduction and substance use treatment programs. It is worth considering several aspects of the sustained behavior change exhibited by these former injectors.
In addition to individual goals, former injectors also ceased injecting and avoided relapse in an environment that provided facilitators for doing so. The quality of street heroin and cocaine in New York City has been relatively high for a long time, so that it is economically feasible to maintain a drug habit without having to inject. There are also low threshold, harm reduction-oriented substance use treatment programs in New York City, so that it is possible to receive treatment that provides a respite from the difficulties of street drug use, reduce one's level of drug tolerance, and reduce (or cease) drug use. 98% of the former injectors in this study reported that they had previously received either detoxification or methadone maintenance treatment and 61% reported that they had previously received both detoxification and methadone maintenance treatment. This episodic treatment for substance use problems clearly did not lead to permanent abstinence, but it is likely to have reduced the chances of relapsing to injecting.
These former injectors did not, however, receive any formal treatment services for avoiding relapse to injecting while continuing non-injecting use of heroin and cocaine. Currently, neither drug treatment programs nor syringe exchange programs in New York City support ceasing to inject while continuing to use heroin or cocaine through non-injecting routes of administration as a formal "treatment goal."
About a sixth of the former injectors gave their reason for injecting as "They don't like needles." Fear of/dislike for needles persisted during their injecting careers. Further research into fear of/dislike for needles may provide valuable insights for the treatment of persons with substance use disorders who are currently injecting and for programs to prevent initiation into injecting drug use.
Memories of injecting
Almost half of these former injectors did not recall injecting as producing a "more intense" high than intranasal heroin or cocaine use is a particularly interesting finding deserving of additional research. It may be that experiencing injecting as not producing a more intense high has a strong biological component and is a selective factor for ceasing to inject and for avoiding relapse to injecting. It is also possible that their memories of injecting were evoked during the long time periods since last injection, and that interference in reconsolidation of these memories led to qualitative changes in the memories towards injecting being a less intense experience. Understanding how memories of injecting might change after ceasing to inject-or ceasing to use specific drugs-could provide important insights into avoiding relapse.
Limitations
The major limitation is that the data come from cross-sectional surveys rather than a longitudinal study. Thus, we do not know how many former injectors relapsed back to injecting, or the factors that led them to relapse. We also do not know how many ceased injecting and then later ceased using heroin and cocaine. We also do not know when changes from "being in the process" of avoiding relapse changed to reaching a point where "relapse is no longer problematic."
In the associations between the reasons for ceasing to inject and current (past 6 month) noninjecting drug use, the reason for ceasing to inject would necessarily have preceded current drug use, but considerable caution is needed with respect to drawing causal inferences because of the many other factors that might have operated over the very long time periods involved.
This study also does not permit estimating the number of former injectors in New York City. In a respondent driven sampling (RDS) study conducted in 2004 (Abdul-Quader et al., 2006) , current injectors were permitted to recruit current non-injecting heroin and cocaine users and current non-injecting users were permitted to recruit current injectors. The two groups (current injectors and current non-injecting users) were equally likely to recruit members of the other group as they were to recruit members of their own group (RDS homophilies near 1.0). Half of the subjects recruited in that study were non-injecting drug users and half of the non-injecting users reported that they had previously injected heroin and/or cocaine. Thus, it would appear that about a quarter of street heroin and cocaine users in the city are former injectors, though this may be changing due to the new increases in prescription opioid users beginning to inject heroin.
We did ask the former injectors why they had ceased injecting. From the content of the reasons for ceasing to inject (see Table 3 ), we would expect that the persons who had ceased injecting and had avoided relapse to injecting are likely to have accomplished these goals. We did not, however specifically determine if they had accomplished these goals.
These limitations would need to be addressed in a cohort study, but note that this may require a very long-term study to capture the full experience of avoiding relapse to injecting over decades during which these former injectors avoided relapse back to injecting.
Implications for promoting long-term reductions in very harmful drug use behaviors
These former injectors did not cease using heroin and cocaine but they did make a long-term change in their drug use behavior that almost certainly reduced important harmful effects of drug use for both themselves and for the community. This sustained change process appears to involve at least three factors:
1.
The majority set individual, achievable behavior change goals, with ceasing injection a means to these goals. Ceasing injection was not an externally imposed goal.
2.
Abstinence from heroin and cocaine use was not required, though it was not precluded as part of the long-term drug behavior change process. That important behavior change occurred while the former injectors continued to use psychoactive drugs supports the logic of using agonist drug therapies and not requiring abstinence as a precondition for other important behavior changes. 
3.
They had a safety net of substance use treatment programs that could be utilized when they could no longer manage their non-injecting drug use. Note that all of these former injectors were interviewed on entry into substance use treatment programs, and all reported episodes of previous drug treatment.
Combined prevention and care for HIV, HCV, and overdose among PWID
Implementing programs that support "reverse transitions" from injecting to non-injecting drug use might be an important part of combined prevention and care for HCV. HCV is much more efficiently transmitted than HIV through sharing of injection equipment and high rates of HCV infection have persisted among injection drug users in many places where HIV has been brought under control.
PWID who reverse transition to non-injecting drug use should greatly reduce their chances of acquiring HIV and/or HCV. PWID who reverse transition after being infected with HIV or HCV should greatly reduce their chances of transmitting HIV or HCV to others. Additionally, HCV infected PWID who reverse transitioned and were successfully treated for HCV would greatly reduce their chances of re-infection with HCV.
Programs to support "reverse transitions" back to non-injecting drug use might be particularly helpful in areas experiencing transitions from non-medical use of opioid analgesics to heroin injecting.
Conclusions
The former injectors in this study have made an important change in their drug use behavior that would reduce adverse consequences at both the individual and societal level. For the majority, this change appears to have reached a point where relapsing back to injecting is no longer problematic for them. Understanding how long-term, self-sustaining changes occur in drug use behaviors is a fundamental question in research on problematic drug use. Additional research on former injectors may provide valuable insights into such change processes. We would suggest that research on cessation of injection among persons not ready or able to completely cease drug use be conducted with a framework of combined prevention and care for HIV/HCV among persons who use drugs. 
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